Four in vitro trials were conducted to determine how ruminal fermentation is affected by source of fat, level of fat, and combinations of fatty acids. Trials I and II examined how volatile fatty acids (VFA) were changed by three sources of fat (blended animal-vegetable fat, corn oil and tallow fatty acids) each added to a hay substrate at six levels (0, 2, 4, 6, 8 and 10%). Increasing blended fat caused no changes in VFA levels except to decrease butyric acid from 12.1 to 9.9% of the total VFA (P<.05). Corn oil and tallow fatty acids both increased propionic acid, causing the ratio of acetic to propionic acids (A/P) to decrease (P<.01). Trial III tested different ratios of oleic/stearic and linoleic/stearic acids to determine if certain combinations were better for fermentation. There was no evidence of synergism among fatty acids since increasing the ratio of unsaturates steadily reduced A/P. Trial IV was designed to determine how changes in VFA levels reflect changes in fiber digestibility of substrates containing added fat. Volatile fatty acids having significant regressions with fiber digestibility were acetic acid (r = .648), propionic acid (r = -.670), total VFA concentration (r = .742) and A/P (r = .831). Results are interpreted to show that blended animal-vegetable fats are less toxic in the rumen than equal levels of other lipids, and the beneficial effects of blended fat cannot be attributed to a unique combination of fatty acids acting synergistically.
I ntroduction
Fats or oils added to ruminant diets often depress ruminal fermentation and fiber digestion (Brooks et al., 1954; Czerkawski, 1973; Kowalczyk et al., 1977) , but the degree of inhibition varies with fat source.
Increasing saturation and(or) esterification of component fatty acids are two factors that lessen the inhibitory effects of lipid supplements on ruminal fermentation (Palmquist and Jenkins, 1980; Chalupa et al., 1984) . However, these factors alone do not explain entirely the extent that some lipid supplements will alter ruminal fermentation. Palmquist and Conrad (1980) found that a hydrolyzed animal-vegetable fat blend was superior to tallow for dairy diets. The benefits of the blended fat in this study are not explained by esterification, because this fat was only 43% esterified compared with 99% for tallow. Also, the blended fat and tallow both contained saturated fatty acids in the range 44 to 48%. One striking difference between the two fat sources was that blended fat contained more fatty acids with two and three double bonds, and less with one double bond. For instance, the oleic/stearic acid ratio for the blended fat in the study of Palmquist and Conrad (1980) was 1.89 compared with 2.81 for tallow. Linoleic/ stearic acid ratios were .89 and .39 for blended fat and tallow, respectively.
This study was designed to determine how ruminal fermentation is affected by blended animal-vegetable fat compared with other fat sources, and by different ratios of oleic/stearic and linoleic/stearic acids. Short (1978) . Half (50 ml) of the culture contents were removed each day and replaced with fresh substrate and medium, giving a turnover time of 48 h. Cultures were maintained for 9 d. Culture was transferred with a 50-ml disposable syringe modified to have a 5-ram opening. This size opening was necessary to prevent clogging and separation of liquid and solids. Cultures were started with mixed ruminal contents from a ruminal-cannulated cow fed only long, mixed-grass hay. Whole ruminal contents were mixed in a Waring blender for 1 min, strained through two layers of cheesecloth, and injected anerobically into each flask.
Materials and Methods
Substrates consisted of ground hay (1 mm) containing 0, 2, 4, 6, 8 or 10% A-V fat. Sample size increased in proportion to fat content of substrates so that all flasks were fed exactly 1 g of hay each day. Each substrate was incubated in duplicate for a total of 12 flasks.
Culture contents removed on d 8 and 9 were tested for pH, then centrifuged at 35,000 • g for 15 rain. The supernatant was analyzed for VFA by gas-liquid chromatography (Anonymous, 1975 ) using 2-ethyl butyric acid as an internal standard. The column was 1.83 m • 3.2 mm id and packed with 10% SP-1220 on 100/120 Chromosorb W AW 3. Molar ratio of acetic acid to propionic acid (A/P) was calculated as an indication of treatment effects on fiber digestibility.
Trial II. Methods were as described in trial I except for composition of substrates. Twelve substrates were prepared by mixing ground hay from trial I with corn oil or tallow fatty acids. Both fat sources were tested at six levels (0, 2, 4, 6, 8 and 10%) . Samples taken on the last 2 d of incubation (d 8 and 9) were prepared and analyzed for VFA as described for trial I.
Trial IIL Substrates consisted of ground hay from trial I containing 10% fatty acids 4. The fatty acids were mixtures of oleic and stearic acids, or linoleic and stearic acids. The unsatua Supelco., Inc., Bellefonte, PA. 4Nu Chek Prep, Elysian, MN. rated fatty acids (oleic or linoleic) comprised 0, 25, 50, 75 or 100% of the total fatty acid mixture. Supernatants of culture contents were analyzed for VFA on d 8 and 9.
Trial IV. The corn oil substrates from trial II were used again in trial IV for measurements of both VFA production and fiber digestion. Incubation vessels were 100-ml plastic centrifuge tubes containing 40 ml of medium (Short, 1978) , 10 ml of ruminal inoculum and .5 g substrate. After 48 h of incubation, three of the six replicates from each substrate were analyzed for neutral detergent fiber (NDF) by the method of Goering and Van Soest (1970) ; the remaining three tubes were analyzed for VFA as previously described.
Statistical Analysis. Data from each trial were analyzed by the method of least-squares analysis of variance using the General Linear Model procedure of SAS (1985) . Trials I, II and III were split-plot designs, with treatment and level as main plots and time of incubation the sub-plot. Error 1 was the treatment • level interaction used to test main plot effects. Error 2 was residual variation used to test sub-plot effects. Variation due to level in all trials was partitioned into single-degree-of-freedom orthogonal polynomials. The day • level interaction tested in trial I was not significant, so it was not included in trials II and III. Trial IV was analyzed by one-way analysis of variance.
Results
The A-V fat added to trial I cultures had little effect on fermentation. The only change was a decrease (P<.05) in the molar percentage of butyric acid from 12.1 to 9.9% as A-V fat increased from 0 to 10% in the substrate. Samples from d 9 were higher in A/P (P<.01), and lower in butyric and valeric acids (P<.05) than d 8 samples.
Corn oil and tallow fatty acids tested in trial II affected fermentation more than A-V fat did in trial I (table 1) . Propionic acid and A/P were changed by both the source and level of fat (figures 1 and 2). Both fat sources increased propionic acid and decreased A/P, but this effect was greater for corn oil than for tallow. Acetic acid did not change with fat level, but was higher for tallow than for corn oil (67.5 and 65.6%, respectively). Butyric acid changes with fat level were small and irregular.
Sum of squares for trial III are shown in table 2 for variables with significant effects of unsaturate level. Butyric acid was the only VFA that differed for the two sources of unsaturates (9.5 and 11.4 mol/100 mol for oleic and linoleic acids, respectively). Increasing the level of unsaturate decreased acetic and butyric acids, while increasing propionic acid ( figure 3 ). This caused A/P to decrease as level of unsaturate increased (figure 4). The first increment of unsaturate (0 to 25%) reduced A/P 27.5%, while the last increment (75 to 100%) reduced it only 4.9%.
In trial IV, increasing corn oil above 2% reduced NDF digestibility (table 3 and figure  5 ). Total VFA concentration and A/P also declined as corn oil increased (figure 6), but their patterns of change sometimes differed from those of NDF digestibility. NDF digestibilities were similar for 0 and 2% corn oil, as were A/P, while total VFA concentration declined. As NDF digestibility dropped from 2 to 4% corn oil, total VFA and A/P both slightly ), propionic acid (---) and butyric acid ( .... ) levels in semi-continuous cultures containing 10% fatty acids comprised of different proportions of unsaturated fatty acids, trial IIl.
increased. Changes in total VFA and A/P above 4% corn oil were similar to changes in NDF digestibilities.
Volatile fatty acids having significant (P< .05) regressions with NDF digestibility were acetic acid (r = .648), propionic acid (r = -.670), total VFA concentration (r = .742) and A/P (r = .831). The stepwise procedure using forward selection in SAS (1985) showed that the best fits were linear except for A/P, which was quadratic.
The relationship of total VFA concentration with NDF digestibility is shown in figure 7 . Increasing NDF digestibility increased VFA concentration linearly. However, variability was higher when digestibility values exceeded 34%. A/P increased as NDF digestibility increased, then leveled off at higher digestibilities (figure 8).
Discussion
Trials I and II indicate that fat sources vary considerably in their effects on ruminal fermentation. Levels of corn oil as little as 2% reduced A/P, but fermentation was normal in cultures containing blended animal-vegetable fat even at the highest level of 10%. These changes in A/P are an indication that fiber digestion was less affected by A-V fat than corn oil or tallow fatty acids. Trial IV showed that as fat reduces fiber digestion, A/P and total VFA concentrations are also reduced. It is not advisable to conclude that all fluctuations in A/P or VFA levels are matched by identical changes in fiber digestibility. For the 2% corn oil treatment in trial IV, total VFA concentration indicates that fiber digestion dropped markedly; it actually changed little, and A/P was a better reflection of this. But over the entire range of corn oil added, the drop in VFA levels and A/P reflect the decrease in fiber digestion that occurred. Therefore, based on changes in VFA levels and A/P, this experiment suggests that improved ruminal fermentation, or even fiber digestion, may be one reason for the better performance of cows fed blended fat in the study of Palmquist and Conrad (1980) . The mode of action of fats and oils in the rumen that causes reduced fiber digestibility is not understood entirely. Two theories are that fatty acids act directly on ruminal microbes to inhibit their growth and metabolism, or that they coat fiber particles, thus blocking the action of bacterial cellulases (Devendra and Lewis, 1974) . Fatty acids are toxic to bacteria in pure culture experiments (Henderson, 1973; Maczulak et al., 1981) , but once in the rumen, fatty acids predominately associate with feed particles (Harfoot, 1978) . RuminaI contents are a mixture of bacterial and feed particle binding sites, making it difficult to determine which is the cause of reduced fiber digestibility. Blending animal fat and vegetable oil interrupts the "toxic" or "coating" effects, or both, resulting (--) and ratio of acetic to propionic acids (A/P) (-----) from 48-h in vitro cultures with different levels of corn oil, trial IV. in improved fermentation and, perhaps, fiber digestibility.
The beneficial effects of blended animalvegetable fat cannot be attributed to a unique ratio of oleic/stearic or linoleic/stearic acids as shown in trial III. The highest A/P occurred with the fatty acid supplement containing only stearic acid, then A/P steadily decreased as unsaturates increased. The extent that free fatty acids will inhibit fermentation appears largely determined by the presence or absence of double bonds. In this experiment, even number of double bonds had little effect since fermentation was the same for oleic as for linoleic acid.
One possible explanation for the benefits of combining esterified and nonesterified lipids may be reduced lipolysis. If the nonesterified fatty acid fraction inhibited activity of microbial lipases through negative feedback, hydrolysis of the esterified lipid fraction would be reduced. Triacylglycerols are less inhibitory to ruminal fermentation than an equivalent amount of the free acid (Chalupa et al., 1984 ). An optimal ratio of esterified to nonesterified lipids may be necessary to achieve this beneficial effect. Too little nonesterified fatty acid might be inadequate to inhibit ruminal lipases, while too much fatty acid would exceed toxic levels and inhibit fermentation. This hypothesis could explain why calcium chloride added to tallow reduced esterified fatty acid content in the study of Jenkins and Palmquist (1982) . Fatty acids reacted with calcium chloride to form insoluble soaps, thus preventing the feedback mechanism from occurring. As a result, lipolysis was greater in cultures containing calcium chloride.
These in vitro studies indicate no advantage to ruminal fermentation of adding small amounts of fatty acids to substrates. Nonesterified fatty acids are a major lipid component of ruminal bacteria. Apparently, de novo synthesis is adequate to meet this demand, or required levels were present in the basal hay substrate. De novo synthesis of unsaturated fatty acids in the rumen is questionable (Harfoot, 1978) .
Blended animal-vegetable fats appear to be better energy supplements for ruminant diets because they inhibit ruminal fermentation less than other fats or oils. If the reason for this can be determined, the toxic effects of lipids in the rumen may be reduced or even eliminated. A synergistic effect among fatty acids is not the explanation, although not all possible fatty acid combinations were tested in this study. It now seems more probable that combining esterified and nonesterified lipids, a characteristic of animal-vegetable fat blends, may be the key to improved ruminal fermentation of fat blends. 
